In Norway, there is a growing interest in urban life as opposed to previously urban space. For urban planners and designers this means that methods of spatial registration and analysis need to be extended to include user behaviour, perception and experience. Therefore, user observation and behavioural surveys have become more prominent. To this end, behaviour mapping can be used as a tool to investigate the current use of a space. While manual behaviour mapping has limitations, this paper describes the development and testing of a GIS-based application using electronic maps for registration and analysis of observed behaviour in an urban public space. The behaviour mapping application has been tested and used in a study of Stavanger Torget, the most central public space in Stavanger, Norway. The collection and analysis of data was executed to investigate the amount of users and types of activities in the space throughout the week. Here, the electronic map application proved to be helpful in terms of making registration more efficient, instantly generating digital maps of the observations and providing tabular data for further analysis. This strongly improves urban analysis with regard to behavioural observation and makes related data collection and analysis much more efficient. This ultimately allows for the creation of a GIS database regarding the relationship between physical characteristics and user behaviour, something that is particularly relevant with the growing awareness for quality in public space and urban life.
URBAN RESILIENCE AND CLIMATE CHANGE
There is a growing interest in the quality of urban public space, not only as an aesthetic and functional entity, but also as a framework for user activity. This more anthropocentric view of evaluating urban space and its use is part of a growing focus on quality in urban environments and liveability.
Urban public spaces normally fulfil several functions, such as civic representation, social and cultural gathering, commercial activity and recreation, and are used by many inhabitants of the city. They therefore undergo much scrutiny. This is also the case in Stavanger, where Torget, the most central public space, has received much criticism in recent years. A deeper investigation of the space's functionality, quality and use is therefore important. However, when investigating the quality and use of public space in relationship to spatial characteristics, it is important to rely on empirical data about spatial and functional aspects as well as understanding user behaviours and needs.
The method of behaviour mapping is well-established within environmental psychology, landscape architecture and urban design [1] and has previously been used to illustrate the impact of the physical environment on human behaviour. While this is a reliable source of information, the collection of data is time-consuming and difficult. New approaches to integrate digital registration on electronic maps, geographic information systems (GIS) and spatio-behavioural analysis are therefore worth investigating. Not only they can provide more efficient data collection and analysis, they can also lead to a better understanding of the theoretical relationship between physical characteristics and human behaviour.
BEHAVIOUR MAPPING
The main concern of investigations using behaviour mapping is often to see 'who is doing what, with whom, where and for how long?' [1, 2] . While many studies are concerned with outdoor public space [1] [2] [3] [4] [5] , it is also possible to use this tool indoors (i.e. in public buildings such as hospitals, or private spaces such as cafes) [5] . Post-occupancy studies of public spaces [1, 2] often use this method to uncover whether predicted use coincides with actual use. Thus a main concern of behaviour mapping is whether or not a space is used as intended, i.e. the concurrence between the 'potential environment' and the 'effective environment' (Gans, 1968 in Ref. [3] ). While design disciplines often tacitly assume that certain physical environments can manipulate the likelihood of certain behaviours, empirical evidence about this relationship, its nature and strength, is still lacking [2] . Golicnik [2] has investigated this usage-spatial relationship with the help of behaviour mapping and suggests creating a better empirical database for design decision making with the help of new means of recording behaviour. Thus, access to information about the relationship between space and behaviour (e.g. through open-access GIS data) is important for strong design decisions. Such a knowledge base could contribute to urban design theory in general, as well as better practice of creating spaces that generate intended use. Rigorous analysis of existing spaces in terms of their potential and effect (e.g. post-occupancy evaluation) also becomes possible.
Thus, GIS tools and other means of digital mapping can help to provide for better empirical registration and analysis, which helps to explore the relationships between physical attributes and human behaviour further.
Urban space and urban life
While design disciplines are often preoccupied with the physical and aesthetic expression of spaces, the focus on spatial perception and user experience is more prominent in disciplines such as environmental psychology. However, these concepts of urban space on one side and urban life on the other are heavily interwoven, with the first being the prerequisite as well as a designator of quality for the latter. In fact, the quality or success of an urban space is often measured in how much activity it generates [6] . While urban space and its components is a physical concept that can be easily described and analysed through spatial analysis, the definition of urban life is less clear. Reinertsen [4] defines urban life with the help of a literature study [6] [7] [8] [9] as the combination of how many people are staying how long in an urban space (activity level), the different types of activity that occur (walking, sitting) and who does what (children, adults). Urban life is also heavily influenced by when it happens (time of day, week day, month) and under which external influences (weather, special events).
Early advocates of the relationship between urban space and urban life have long promoted that only good urban spaces can provide for strong urban life [10, 11] . Now several Norwegian city governments are developing particular interest in the topic. Among them Oslo municipality, where Gehl architects conducted an urban life study in 2014 [12] based on which the municipality, has produced a 'Handbook on urban life in Olso city centre' [13] . It becomes clear that, while urban space and its quality are factors for urban life, urban life spans wider into the economic, cultural and political realms [13] .
This increasing interest in urban life also demands alternative approaches that allow registering, documenting, representing and analysing activities and behaviours in urban space. Thus, behaviour mapping as a viable method needs to be applied, further developed and appropriated.
Preparation and registration
The process of behaviour mapping usually starts with a base map of the space under investigation. It is important to pick a relevant scale, both in terms of level of detail for registration as well as the practicality of handling a large printed map. It is also important to clearly identify the boundaries of the study area, which sometimes means that a large area must be divided into several smaller spaces [1, 14] . Traditionally the initial registration of behaviours is undertaken manually; i.e. the principal observer marks subjects and their activity on a paper map by hand (Fig. 1 ). This information is later on transcribed to digital maps (Fig. 2 ) [1-3, 5, 14] .
Registration duration usually depends on the amount of observed behaviour, i.e. how many people are occupying the investigated space. In public spaces, the registration period is usually limited to 5-15 minutes due to large numbers of occupants [1, 4, 5] . This is particularly true for registration on paper, since observed subjects are marked on top of each other, which can lead to cluttered observation sheets. The frequency and number of observations largely depends on what the scope of the study is. To control for other factors, such as weather, time of day, day of week or time of year, it is necessary to repeat observations several times. 
Observed activities
The type of investigated behaviours also depends on the purpose of the study. Some studies aim at registering the amount of certain activities, while others are interested in changes of behaviour on different times of the day or week. But the main concern is usually to capture different types and duration of behaviour, i.e. to which degree certain physical environmental cater to desired recreational activities, such as sitting down [1] , socialising, resting, playing [14] and skating [2, 3] . Figure 3 shows an example of the range of behaviours and activities that can be observed, ranging from walking, cycling, standing and other likely activities to occur in public space. In this particular case [5] the behaviours were divided into the categories of behaviour introduced by Gehl [15] : necessary, optional and social. When observing play areas, the quality of activity might be more of interest, e.g. the intensity of physical activity [14] . However, the legend setup used should always allow for registration of unexpected behaviour [2] . Such flexibility might be easier to achieve with manual registration, which is why, even when registering behaviour in electronic maps, researchers have used paper notes in addition [4] .
Graphic representation and data analysis
The collected data can be represented both geographically (in maps) as well as statistically (in graphs). As shown in Figure 2 , all people occupying the studied space and their activities are simultaneously displayed on the map. This convenient and effective way of conveying geographic data is paramount to understanding the effect of physical elements, particularly for design disciplines who are very familiar with the mapping of data.
Furthermore, the collection of data with behaviour mapping allows for numeric analysis giving information about the amount of occupants, the relative weighing of displayed behaviours as well as duration. Figure 4 for instance shows the level of occupation of Stavanger Torget at different times of the day throughout one week, without displaying the different types of activities [4] .
Aside from the practical issues (exposed to weather, short observation intervals, timeconsuming transcription of manual data into digital maps) behaviour mapping as a method, has also other challenges. Particularly in busy environments, subjects moving around quickly are at risk of being registered several times or not at all [4, 5, 14] , thus leading to an over-registration of slower activities and long-term occupation. In addition, subjects often execute several activities at once (e.g. standing and talking), which makes it difficult for the researcher to select the dominant behaviour. Furthermore, all subjects using the spaces are displayed simultaneously in the resulting maps, which does not allow portraying movement or dynamic changes in spatial occupancy. While the first steps of digitalising spatial-behavioural observations are already taken [14] , it is obvious that the development of small handheld devices in recent years and the further integration of GIS into urban planning and design contribute to making the described method more efficient [2, 14] . Using electronic maps for registration can allow geographic as well as numeric data to be displayed instantaneously. In addition, analysis with the help of, e.g. ArcGIS, can be advantageous in terms of developing databases for spatial-behavioural data. Thus, the development of a GIS-based electronic behaviour mapping application is key for efficient and convenient use of this method.
ELECTRONIC REGISTRATION AND GIS APPLICATION
In order to do behaviour mapping using a computer, the computer has to be small and portable so that the researcher can bring it easily to the site. For outdoor behaviour mapping it also needs to withstand some rain and be legible in the sun. For fast registration of positions and movements of people, a touch screen is better than a laptop mouse. For these reasons, it was decided to focus development of the electronic map application on tablets rather than on laptop computers. The 'behaviour mapper' used in this project is an iPad app developed by two bachelor students in computer science [16] . The iPad is a commonly used tablet with a standardised shape, which makes it easier to develop an easy-to-use application on this platform than on the Android platform. However, it is possible to develop the same type of application for Android or for Windows-based tablets.
When using the 'behaviour mapper', the user has to first tap on the symbol representing the type of behaviour to register, then tap on the position of the person, and if necessary drag the finger in the direction the person is moving. Paper maps quickly become cluttered when registering many people while the behaviour mapper remains fairly clear (Fig. 5) . The app can also be configured to only show the last ten people registered. The 'behaviour mapper' allows the user to define which symbols to use and which map to use as background. The system also allows adding additional symbols during mapping. For the background map, either an image stored on the tablet or a map generated by Google Maps can be used. Google Maps is free to use in this context as long as the user is non-commercial and the user does not download too many maps. An alternative to Google Maps would be Open Street Map, which is free to use for anyone. To exported data from the app, a CSV (Comma-Separated Values) file can be generated. This file can be send by email, stored in the apple cloud, or opened in a spreadsheet. Most spreadsheets, including Excel, can open CSV files, which allows for quick representation of numeric data. The CSV files contain a table with one line per registered person. This line contains time, position, angle of motion, notes made in the app, behaviour type description and behaviour type number (Fig. 6) . Time is as registered by the device when the entry is created, so it is important that the device has a correct internal clock. Position is measured in pixels relative to the picture used as a background. In order to import the entries into ArcGIS or other GIS software, these coordinates need to be converted to map coordinates. The current app does not do this but it is technically possible as long as you know the map coordinates of the corners of the image. When using a background map from Google Maps or Open Street Map, it is possible to obtain map coordinates for the corners when creating the background map. When using an image as a background map, these coordinates must be provided by the user. The behaviour type number may be used to set the symbol that ArcGIS uses to display the data.
The 'behaviour mapper' was successfully tested during the registration of behaviour on Stavanger Torget in March 2017. This first field test provided feedback and led to a number of improvements, such as registration symbols.
ELECTRONIC BEHAVOUR MAPPING AT STAVANGER TORGET
Torget is Stavanger's most central public space and has a long history. In 1999, it was decided that the space would be renewed and be a part of Stavanger's millennium site. The new Torget was finished in 2008. Ever since, there has been a lot of controversy about it [17, 18] . These debates are ongoing and strongly influenced by emotions. Criticism includes statements about the space being empty of people and lacking urban life.
Stavanger Torget is a large open space stretching from Stavanger cathedral to the quayside on a north-facing slope (Fig. 10) . On the east, large stairs meet the surrounding buildings and stretch far into the space itself (Fig. 7) . On the west, there is a road separated by bollards. The surface is covered with large stone slabs and there are four linear indents for water drainage running from west to east ending in stone fixtures that can be used as an informal sitting space. There is also a seating area on the east-side (Fig. 8) and a tidal fountain.
The main goal of the study was to establish whether and how Stavanger Torget is used, both under everyday conditions and larger events [4] . The use of behaviour mapping was chosen to create empirical data that can contribute to the on-going debate about the space's functionality.
Data collection
The application 'behaviour mapper' was used to register eight different behaviours (Fig. 9) to study how many people occupied the space at any given time during the fieldwork. The registration was conducted for one week in March (20th to 26th march 2017) with respectively five registrations each day (8:00, 12:00, 16:00, 20:00, 0:00). The observations periods typically lasted five minutes during which 20 to 243 people were observed [4] . A specially prepared base map was chosen instead of an online map service, due to the necessary level of detail. The 'behaviour mapper' immediately produced output maps (Fig. 10) and numeric data were used to present activity types (Fig. 12 ).
Analysis and results
The results from the study combine findings from the observations, behaviour mapping and spatial analysis, i.e. both urban space and urban life.
As Figure 12 shows 90% of people were passing through Stavanger Torget, meaning there is a big potential to make more people stay or sit down. However, the study also revealed that Stavanger Torget was used by many people at all times during the week (Fig. 4) , revealing some of the strong criticism as unjustified. Looking at spatial-behavioural relationships, the produced maps (Fig. 11) illustrate that long-term occupation (staying, sitting) generally occurred more at the edges of the space [4] . Since Stavanger Torget has unclear boundaries in the north and south, edges are lacking creating a diffuse public space without human scale. In everyday conditions the large size and openness are challenging, and creating smaller spaces within the big space would be advantageous. Torget currently has 22 places for temporary stalls that could be used to do this for instance with sales stand or food trucks. For large events, however, the big space is an advantage as it allows the gathering of many people and provides good vantage points due to its sloping terrain. The analysis also shows that the formal sitting places with backrest are used most often, while the informal sitting places, which are used most often, are the stairs. Other possible informal sitting places, such as the tidal fountain and stone fixtures, were intended as secondary seating but were not observed being used as such. Even though the water indents and the tidal fountain were supposed to function as artistic points of interest, the behaviour mapping could not confirm this. Thus, the space might be lacking a focus element, giving people a reason to stop. In the evening, however, the floor surface is illuminated with different patterns that act as an interesting aesthetic element. Observations showed that this illumination triggered spontaneous activity and people stopped to watch.
It is important to notice that there were people all day all week regardless of the weather. While good weather contributes to higher occupation, a bench with a roof enables people to sit at any time, which some did during the study period. The weather is therefore not exclusively decisive for whether people are sitting down, but the quantity and duration of occupation are weather-dependent. Regardless of weather, Friday and Saturday night seemed to show most activity, largely resulting from people having midnight snacks here.
The behaviour mapping at Stavanger Torget thus contributes to correcting the perception that this space is devoid of urban life. While there is a strong potential for improving the space, urban life could be increased without substantial and costly physical interventions. Some of the criticism addressed the high costs, and therefore, an example for how Stavanger Torget can be improved is to introduce temporary measures and studying their effect (with behaviour mapping) before making them permanent.
The lack of people occupying Stavanger Torget over a longer period indicates that the space does not provide for potential activity and might also lack human scale as a prerequisite for such. This confirms that the quality of a space cannot be merely measured in the number of people using it, but a more qualitative approach is necessary to understand the duration and nature of occupation.
DISCUSSION
Given the presented case study of Stavanger Torget, behaviour mapping is a relevant and efficient way of contributing to empirical evidence regarding the theoretical relationship between spatial attributes of urban public space and human behaviour. Additionally, the empirical data generated can actively contribute to future design decisions.
The results of the behaviour mapping at Stavanger Torget also indicate that the 'behaviour mapper' is a helpful application for registering behaviour in urban public spaces. Being able to directly register observations on an electronic map, makes the registration process more convenient and renders the off-site transcription into digital maps redundant. Thus, the collected geographic information can be displayed immediately after registration on-site. This is particularly helpful since design disciplines are used to processing spatial information in maps. Further, the visually simple and uncluttered registration makes it easy to handle large amounts of data quickly, allowing for longer periods of registration. It then becomes more convenient to describe the collected data statistically as well as searching for explanatory factors with the help of statistical correlations.
Particularly with the possibility to integrate the collected data with GIS software such as ArcGIS, it is possible to visualise and re-categorise data in order to explore the spatial-behavioural relationship in more general terms. Thus, the provision of a larger database relating certain environmental characteristics and certain activities is extremely valuable for the design disciplines. For further exploration of electronic registration of behaviour mapping and its potential application as GIS, it would be interesting to explore possibilities for in-situ registration of polylinear movement patterns. A smoother integration with ArcGIS should also be further investigated.
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